A novel red-pigmented bacterial strain, designated WS 4628 T , was isolated from a pharmaceutical clean room of a vaccine-producing company and was investigated in a taxonomic study using a polyphasic approach. The strain was Gram-stain-positive, strictly aerobic, motile, catalase-positive and produced spherical to slightly ellipsoidal endospores in rods. The genomic DNA G+C content was 44.1 mol%. The major fatty acids were anteiso-C 15 : 0 , iso-C 15 : 0 and anteiso-C 17 : 0 and the predominant quinone was MK-6. The polar lipids consisted of diphosphatidylglycerol, phosphatidylglycerol, an unidentified phosphoglycolipid and an unidentified phospholipid. meso-diaminopimelic acid (type A1c) was present in the cell-wall peptidoglycan and the major whole-cell sugars were glucose and ribose. 
The order Bacillales within the class Bacilli (or Firmibacteria) represents an extremely heterogeneous bacterial taxon (Euzéby, 2011) . In this group fundamentally different physiological types, such as aerobic or anaerobic, psychrophilic or thermophilic, halophilic or non-halophilic or spore-forming and non-spore-forming bacteria are combined. Of the nine families known, the Bacillaceae and the Planococcaceae with the type genera Bacillus and Planococcus, respectively, are the largest taxa, comprising 47 and 12 genera, respectively, at the time of writing. Non-spore-forming genera and species are mainly gathered in the family Planococcaceae, but it is not always clear whether these are not capable of producing endospores in any circumstances, or whether spores have not yet been discovered due to a strongly restricted expression of the regulon responsible for sporulation. The differentiation between the two families would possibly need emendation. Recently, some species have been reclassified, e.g. Bacillus marinus was first reclassified as Marinibacillus marinus and later as Jeotgalibacillus marinus (Rüger et al., 2000; Yoon et al., 2001b; Yoon et al., 2010) . In addition, as is shown in the All-Species Living Tree (Munoz et al., 2011) , the genera Lysinibacillus, Psychrobacillus and Viridibacillus of the family Bacillaceae join the evolutionary lineage of the family Planococcaceae and not that of the Bacillaceae. Moreover, the genera Rummeliibacillus and Solibacillus are located in the clade representing the Planococcaceae and were defined as members of 'Unclassified Bacillales'. In the present study, we report on the characterization of a taxonomic borderline bacterial strain, which showed spore formation after several subculturing steps. Spherical to slightly ellipsoidal endospores in swollen sporangia could be detected.
Isolation of micro-organisms from clean room air of a pharmaceutical manufacturing site in east Germany was carried out using tryptone soy agar (TSA; Roth) supplemented with 0.1 % (w/w) glucose or tryptone soy broth (TSB; Roth) solidified by the addition of 15 g agar l small reddish colonies on these agar media. Better growth was obtained on brain-heart infusion agar (Oxoid) T in a taxonomic study using a polyphasic approach. All reference strains were received from the Deutsche Sammlung von Mikroorganismen und Zellkulturen (DSMZ; Braunschweig, Germany). The novel strain and the reference strains were preserved by lyophilization or by storage at 280 uC as a glycerol suspension [12 % (w/v) glycerol, 1 % (w/v) sodium glutamate, 1.6 % (w/v) lactose, 0.01 % (w/v) ascorbinic acid, 0.1 % (w/v) agar; pH 7.0-7.5].
Cellular morphology, determination of motility and evaluation of spore formation were examined by phasecontrast microscopy (Leica). In older cultures on DEVA most cells produced granules of different sizes and at different positions identified with staining techniques as the inorganic polyphosphate complex volutin and not as endospores. Staining was performed with Neisser's solutions (Roth) and an acidified aqueous methylene blue solution (Seeley & Vandemark, 1962) . Nearly identical positions each were viewed under phase-contrast and bright-field microscopy ( Fig. S1 , available in IJSEM Online). The storage material was not stainable with Sudan black B (used to stain fat or polyhdroxybutyrate) and Lugol's iodine (used to stain glycogen) solutions. In microscopic preparations with cells taken from different agar media as well as different storage times and temperatures and also with methods given by , no endospores could be observed. For detection of spores, cells of strain WS 4628 T were transferred from a 14 day old culture on DEVA supplemented with 10 mg MnCl 2 l 21 to a fresh agar plate of the same type and stored for 4 h at 55 uC; then incubated for 7 days at 30 uC. The few colonies growing up from enduring endospores were spread over a fresh agar plate and the heating step at 55 uC with the following incubation was repeated twice. After this treatment a few cells with endospores could be observed in the microscopic images (Fig. S2 ). Spherical to slightly ellipsoidal spores were produced centrally and paracentrally in swollen sporangia and the cells with spores were significantly larger than those without spores.
The Gram reaction was determined using the staining method of Seeley & Vandemark (1962) and the non-staining KOH method (Ryu, 1940) . Oxidase activity was determined using Bactident oxidase test strips (Merck) and catalase activity was determined by bubble production after the addition of a drop of a 3 % (v/v) hydrogen peroxide solution. Biochemical tests, including tests for acid production from carbohydrates, citrate utilization, gelatinase or urease formation, the Voges-Proskauer reaction, nitrate reduction and H 2 S development were carried out using commercially available systems (API 50 CHB, API 20 E, API Coryne), inoculated, incubated, read and results interpreted according to the manufacturer's instructions (bioMérieux). Also enzyme activities were assayed with commercially available systems (API ZYM, API 20 E, API Coryne; bioMérieux). Susceptibility to antibiotics was evaluated with the test strips ATB VET and ATB G-EU (bioMérieux). Utilization of single carbon and nitrogen sources for growth was determined using the API 50 CH system with the API AUX suspension medium which is delivered with the ID 32 GN system (bioMérieux). Oxidation of carbon sources was tested using the GP2 MicroPlate system (Biolog) inoculated with a cell suspension which was adjusted to give an OD 600 of 0.85. The reactions without the need for addition of reagents after the incubation time defined by the supplier were controlled over a period of 7 days. All results were interpreted visually. Growth was tested at pH 6.0-10.0 (at intervals of 0.5 pH unit), using TSB with the buffer solutions as described by Xu et al. (2005) . Salt tolerance at 30 u C was explored on TSB, containing 0.5-10.5 % (w/v) NaCl (at intervals of 1 %), after cultivation of strains for 7 days at 30 u C on a shaker. The temperatures for growth were determined in a shaken TSB medium. All plates or tubes were inoculated with exactly the same suspension density. After 24 h, turbidity or colony size was visually evaluated and thus the optimal conditions were determined. The presence of L-alanine aminopeptidase was assessed using commercially available test strips (Cerny, 1976; Fluka) . DNase activity agar (Merck) was incubated for 7 days at 30 u C and then read for hydrolysis after flooding the plates with 1 M HCl. Deamination of phenylalanine, egg-yolk reaction, resistance to lysozyme and production of dihydroxyacetone were examined as described by . Growth under anaerobic conditions was investigated by incubating the strains in evaporated and sealed plastic bags that contained Anaerocult A mini pillows (Merck), on DEVA at 30 u C for 7 days. Flexirubin-type pigments were verified by coating a well-grown colony with a drop of a concentrated KOH solution and seeing if the colony turned red (indicating a positive result). For decomposition reactions DEVA was supplemented (all 1
21
) with 10 ml separately autoclaved Tween 20, 40, 60 or 80 (plus 0.1 g CaCl 2 ), 1 g or 10 g soluble starch, 100 ml skimmed milk or 40 g skimmed milk powder (Oxoid), 3.5 g L-tyrosine, xanthine or hypoxanthine or 10 ml glyceryl tributyrate. Starch hydrolysis was tested by flooding the surface of the starch agar with Lugol's solution (Merck). The media were read for opaque (Tween agar) or clear zones surrounding or under the colonies after incubation at 30 u C for 7 days. Results are given in the species description and Table 1 .
Identification of respiratory quinones by HPLC, polar lipids by two-dimensional TLC, amino acids of the cell-wall and ; 7, J. campisalis DSM 18983 T . All strains are rod-shaped and positive for Gram-staining-reaction, catalase, the presence of esterase (C4) and esterase lipase (C8) and for hydrolysis of DNA, but negative for hydrolysis of hypoxanthine, lecithin, urea, tributyrate and xanthine, production of aminopeptidase, dihydroxyacetone, gas from glucose, hydrogen sulphide, indole, anaerobic growth, acetate utilization and the presence of acid phosphatase, cystine arylamidase, lipase (C14), lysine decarboxylase, N-acetyl-b-glucosaminidase, ornithine decarboxylase, tryptophan deaminase, a-fucosidase and a-mannosidase. All strains are negative for acid production from 2-ketogluconate, N-Acetyl-b-glucosamine (Seiler et al., 2012a, b) . For the production of the biomass from which quinones, polar lipids and the genomic DNA were extracted, strain WS 4628 T was grown in TSB in flasks shaken at 120 r.p.m., at 30 u C for 3 days. The predominant respiratory quinone was MK-6 (87 %); minor quantities detected were MK-5 (9 %) and MK-7 (4 %). Polar lipids found in the novel strain were diphosphatidylglycerol and phosphatidylglycerol, one unidentified phosphoglycolipid and one unidentified phospholipid (Fig. S3) . The complete hydrolysate of the cell-wall peptidoglycan contained mesodiaminopimelic acid (meso-Dpm5type A1c). Glucose and ribose were the predominant whole-cell sugars (Schumann, 2011) . The value of the genomic DNA G+C base composition of strain WS 4628 T was 44.1±0.5 mol%. The major fatty acids were anteiso-C 15 : 0 (29.5 %), iso-C 15 : 0 (25.5 %), anteiso-C 17 : 0 (19.3 %), iso-C 17 : 0 (9.1 %), C 16 : 0 (5.3 %) and C 16 : 1 v11c (4.9 %) ( Table S1 ).
The 16S rRNA gene was amplified by PCR and sequenced as described by Schmidt et al. (2009) . An almost-complete 16S rRNA gene sequence (1483 bp) of strain WS 4628
T was used as a query to search for similar sequences in the EzTaxon and EzTaxon-e databases (Chun et al., 2007; Kim et al., 2012 T (94.7 %). Multiple sequence alignments and phylogenetic trees calculated with the sequences of related type strains using maximum-likelihood (Fig. 1) , maximumparsimony (Fig. S4 ) and neighbour-joining (Fig. S5 ) methods (Larkin et al., 2007; Tamura et al., 2011) revealed that strain WS 4628 T could not be unambiguously assigned to one of the existing genera. In the maximum-likelihood tree strain WS 4628
T was grouped as a single strain lineage at the margin of the Bacillaceae taxon next to the Planococcaceae. In the maximum-parsimony tree strain
WS 4628
T was placed most closely to different type strains of species of the genus Jeotgalibacillus, and in the neighbourjoining tree strain WS 4628
T was placed between members of the genera Bacillus and Jeotgalibacillus.
Partial groEl sequencing (560 bp) was performed as described by Seiler et al. (2012b) . Bacillus infantis DSM 19098 T was the closest relative (84.3 % sequence similarity), whereas J. alimentarius DSM 18867 T (83.9 %), Bacillus subtilis DSM 10 T (83.4 %) and B. badius ATCC 14574 T (81.9 %) exhibited lower similarities. In the neighbourjoining tree using the amino acid sequences (Fig. S6) , members of the Planococcaceae and Bacillaceae did not form two distinct sub-branches, and strain WS 4628 T was grouped between different strains of species of the genus Bacillus with B. badius ATCC 14574 T as the closest neighbour.
All genera assigned to the Planococcaceae branch in the AllSpecies Living Tree (Munoz et al., 2011) are exclusively characterized by the peptidoglycan types Lys direct, LysAla-Asp, Lys-Gly-Glu, Lys-Glu, Lys-Asp or Orn-Glu whereas in members of the families Bacillaceae and Paenibacillaceae meso-Dpm is found predominantly. Strain WS 4628 T exhibited the meso-Dpm cell-wall peptidoglycan type, supporting an affiliation to the genus Bacillus. Remarkably, strain WS 4628 T produced the polar lipid phosphatidylglycolipid, but not phosphatidylethanolamine which can be observed in most species of endospore-forming micro-organisms. The genomic DNA G+C content of 44.1 mol% for strain WS 4628
T was in the range for species of the genera Bacillus (32-69 mol%) and Jeotgalibacillus (37-44 mol%) and of many other genera of the families Planococcaceae and Bacillaceae. Thus, this feature is not coherent within the families or their genera and is therefore not specific enough as to serve as a criterion for the taxonomic affiliation of the novel strain.
Strain WS 4628
T exhibited the highest 16S rRNA gene sequence similarity to B. badius ATCC 14574
T , but it was clearly different in colony, spore and sporangium shape, fatty acid composition and many physiological features. Seen phylogenetically (16S rRNA gene sequence), strain WS 4628
T was also closely related to species of the genus Jeotgalibacillus but clearly different to species of this genus in the cellular fatty acid profile, polar lipid data, cell-wall *E, Ellipsoidal; S, spherical; S-E, spherical to/or ellipsoidal; NF, spores not found; s/ss/us, sporangia swollen/slightly swollen/unswollen. DInvestigation of different subcultures may lead to different results. Data for Bacillus indicus Sd/3 T from Suresh et al. (2004) . peptidoglycan composition and in morphological and biochemical characteristics ( Table 2 ). The predominant quinone of strain WS 4628 T did not correspond to those of species of the genera Bacillus or Jeotgalibacillus, emphasizing the borderline position of strain WS 4628
T . Therefore, it should be considered not to be a member of the genera Bacillus and Jeotgalibacillus. GroEL sequences also suggest a separate position of strain WS 4628 T in relation to its closest neighbours (Fig. S6) . The observed differences between strain WS 4628 T and its closest relatives in characteristics chosen according to the minimal standards ( 
Bacillus ginsengihumi Gsoil 114 T (AB245378)
Bacillus acidicola 105-2 T (AF547209)
Bacillus lentus IAM 12466 T (D16272)

Bacillus graminis YC6957 T (GU322908)
Bacillus badius ATCC 14574 T (X77790)
Planococcus rifietoensis M8 T (AJ493659)
Planococcus columbae PgEx11 T (AJ966515)
Planococcus maritimus TF-9 T (AF500007)
Planomicrobium chinense DX3-12 T (AJ697862)
Planococcus salinarum ISL-16 T (FJ765415)
Planomicrobium flavidum ISL-41 T (FJ265708)
Planomicrobium psychrophilum CMS 53or T (AJ314746)
Psychrobacillus psychrodurans DSM 11713 T (AJ277984)
Psychrobacillus psychrotolerans DSM 11706 T (AJ277983)
Sporosarcina ureae DSM 2281 T (AF202057)
Sporosarcina saromensis HG645 T (AB243859)
Sporosarcina luteola Y1 T (AB473560)
Sporosarcina thermotolerans CCUG 53480 T (FN298445)
Sporosarcina koreensis F73 T (DQ073393)
Sporosarcina contaminans CCUG 53915 T (FN298444)
Sporosarcina soli I80 T (DQ073394)
Filibacter limicola DSM 13886 T (AJ292316)
Jeotgalibacillus alimentarius YKJ-13 T (AF281158) Chen et al. (2010) , Cunha et al. (2012) , Krishnamurthi et al. (2010) , Kwon et al. (2007) , Yoon et al. (2001a) , Yoon et al. (2001b) , Yoon et al. (2001c) and Yoon et al. (2010) . +, Present; 2 absent; D, different; NA, data not available; in parentheses, rare or not specified in the description of the genus. The species has the following properties in addition to those given for the genus. Cells are 0.8-1.063.0-4.0 mm when grown in TSB medium at optimum conditions. Colonies grown on DEVA are in young culture creamyellow and later orange to reddish; they are 1-2 mm in diameter after 7 days at 30 u C and flat to low convex, moderately translucent, sticky and exhibit slightly irregular margins. Flexirubin-like pigments are absent. On nutrient agar large amounts of the storage material volutin is produced. Growth occurs from 13-45 u C (optimum, 30 u C), at pH 6.5-8.5 (optimum, pH 7-8) and with 0-8.5 % (w/v) NaCl (optimum, 0.5 %). Grows in the presence of 100 U lysozyme ml 21 in TSB. Positive for Gramstaining and catalase activity; negative for oxidase and aminopeptidase activity, the Voges-Proskauer reaction, reduction of nitrate, anaerobic growth, citrate utilization and phenylalanine desaminase. Does not produce dihydroxyacetone, gas from glucose, indole from tryptophan or hydrogen sulphide. Hydrolyses DNA, aesculin, starch and The type strain is WS 4628 T (5DSM 25058 T 5LMG 26645 T ), which was isolated from a pharmaceutical clean room in eastern Germany.
